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FOUNDATION PILE-HEAD 


TESTS 


BY THE DIVISION OF TESTS, U. S. BUREAU OF PUBLIC 


Reported by GEORGE W. DAVIS, Assistant Engineer of Tests 


HE bond strength developed between the heads 
T of timber piles and the concrete in which they 
are encased is of importance in bridge construc- 
tion in connection with the design of concrete founda- 
tion seals for cofferdams. These seals, if they are to 
resist the hydrostatic pressure 
by their weight alone, must 
have a depth of about four- 
tenths of the hydrostatic 
head. If it can be assumed 
with certainty that a bond 
strength of appreciable mag- 
nitude will be developed be- 
tween the pile heads of the 
foundation and the concrete 
sealin which they are encased, 
the depth of seal required will 
not be as great as would other- 
wise be the case, thus reducing 
the amount of concrete which 
must be cast under water. 
There are, of course, numer- 
ous applications to engineer- 
ing design of this bonding 
property of concrete to timber 
pile heads other than that just 
described. 

The series of tests by the 

Milwaukee Sewerage Com- 
mission! has shown that bond 
strengths of some magnitude may be expected but this 
investigation was of limited scope and practically no 
information, aside from that which it developed, ap- 
pears to exist. 
_ Many bridges in the United States, particularly those 
in the region of the Gulf coast, must be designed to 
withstand the action of hurricanes and it is sometimes 
necessary to reinforce the piers of such structures to 
resist the overturning forces developed by high winds. 
In such cases the effective anchorage of steel reinforce- 
ment to timber foundation piles is of importance in the 
design of substructures. 

The limited investigation reported in this paper was 
conducted to add to the meager information available 
regarding the bond strength of timber piles in concrete 

and to investigate the effectiveness of various types of 
anchorage of reinforcement to timber piles. 





AN UNTURNED PILE SECTION 





SCOPE OF TESTS OUTLINED 


The specimens used for determining the bond strength 
developed between the timber piles and concrete con- 
sisted of short sections of piles embedded in concrete 
blocks. The pile sections were of southern pine, 37 
inches in length and varying from 734 to 11 inches in 

lameter. The timber was of rather inferior grade, as 
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BOND AND ANCHORAGE 


ROADS 


is indicated by the fact that representative pieces 
showed an average of about eight annual rings per inch 
in the outer 3 inches of the stick. 

The pile sections were thoroughly soaked by im- 
mersion in water for several days and then, while wet, 
were encased for 20 inches of their length in concrete 
blocks 24 inches in depth. These blocks were octag- 
onal in form with a minimum diameter of 24 inches 
and were reinforced with a spiral of %-inch round 
steel bar. Details of the bond-test specimens are shown 
in Figures 1 to 3 and in the accompanying illustrations. 
The concrete was machine mixed and was of a plastic 
but not sloppy consistency. The proportions used 
were 1:2:4 by volume and the aggregates were sound 
and well graded local materials. All but four of the 
pile sections were lathe turned to a constant diameter 
for their entire length so that the bond strength meas- 
ured might be that developed under the most adverse 
surface condition of the pile itself. The four unturned 


PILE SEcTION ENCASED IN CONCRETE 
REMOVAL OF THE ForMS 


BEFORE THE 


pile sections, all of which had a very small taper, were 
peeled and roughly trimmed but otherwise were treated 
as were the other plain specimens in order that a 
comparison might be had of the relative bond devel- 
oped by the turned and unturned sections. 
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ANCHORAGE SPECIMENS SHOWING PILE ENDS FLUSH WITH 
SuRFACE OF CoNCRETE (Top PicTURE) AND SPECIMENS 
READY FOR CuRING UNDER WATER 


The arrangement for the anchorage tests consisted 
of pile sections 27 inches long embedded for their full 
length in concrete cylinders 30 inches in depth. The 

uality of the concrete was the same as that used in 
the bond tests and the cylinders were reinforced with 
¥-inch round spiral reinforcement. The details of the 
specimens for the anchorage tests are shown in Fig- 
ure 4. 

All of the concrete encasement for both bond and 
anchorage tests, with the exception of that for series 8, 
was cast in the air, protected with wet burlap, and 
allowed to harden for 24 hours. The specimens were 
then immersed in water and allowed to cure for 7 or 
for 21 days before testing, and in all cases were tested 
directly after being taken out of the immersion tank. 

The concrete encasement for the bond specimens of 
Series 8 was cast under water, using a small tremie, 
and the specimens remained under water for 21 days, 
at which age they were tested. 

Neither the concrete in the specimens cast in air nor 
that in the specimens cast in water is believed to have 
been truly representative of concrete as it would ordi- 
narily be placed in foundation seals cast under water. 
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SERIES 1.—PLAIN BOND, CONCRETE SERIES 2.—PILE 
PLACED IN AIR 

SERIES 7.—SAME AS SERIES 1, EXCEPT 
END BOND PREVENTED BY THIN 
METAL PLATE 

SERIES 8.--SAME AS SERIES 1, EXCEPT 
CONCRETE PLACED UNDER WATER 


HEAD EXPANDED 
WITH OAK WEDGES. STEEL COL- 
LAR PLACED IN PILE AT A, WHILE 
WEDGES WERE ORIVEN, THEN 
MOVED TO B WHILE CONCRETE 
WAS PLACED, AND REMOVED EN- 
TIRELY BEFORE TESTING 


Fig. 1.—Deraits or SPECIMENS OF Series 1, 7, 8, AND 2 


SERIES 3,A SERIES 3,8 
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SERIES 3, A.-TWO RAIL SPIKES 5% BY SERIES 3, B.- FOUR RAIL SPIKES +6 BY 
6 INCHES, DRIVEN AS SHOWN 6 INCHES, DRIVEN AS SHOWN 
Fic. 2.—Dertraits or Test SPECIMENS FOR Bonp Tests 0F 
Seriges 3,A anb 3,B 


The concrete cast in the air may be considered as repre 
sentative of concrete of the same proportions in col 
struction which is placed “in the dry” but was probably 
better compacted and therefore of a greater density até 
strength than concrete as normally placed under wate! 
On the other hand, the specimens cast under walt! 
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SERIES 3, C.—S8IX RAIL SPIKES % BY 
6 INCHES, DRIVEN AS SHOWN 


SERIES 3, D.—EIGHT RAIL sPikes % 
BY 6 INCHES, DRIVEN AS SHOWN 





Fic. 3.—DeETaILs oF SPECIMENS FOR BoNnD TEsTs OF SERIES 
3,C anv 3,D 









SERIES 4,A 
4B AND S 


SERIES 6 















Ww 
15 HACKED 


2 PULLING ROD 
Lo BAR_ DRIVEN 
IN 1= HOLE EQUALIZER 
\§ | 2-2 ¢ PLAIN 





| 























My 4 COLLAR 
2 ki2" oak 
WEDGE 











= 


























Zin" Fox BOLT. J] 
WEDGE 1" 4% 
SPIRAL REINFORCEMENT | 


SERIES 4, AA—-HACKED BAR USED SERIES 6-PILE HEAD EXPANDED 
SERIES 4. B SMOOTH BAR USED WITH OAK WEDGES. REINFORCING 
SERIES 5.—FOX BOLT USED BARS HOOKED UNDER STEEL COL- 
LAR 
Fic. 4.—Deraits or SpecIMENS FOR ANCHORAGE TESTS OF 
Seriss 4, 5, anp 6 


are believed to have been inferior to the concrete which 
normally would be encountered in foundation seals 
Since it was not as rich in cement as the mixtures ordi- 
narily employed for this purpose, and, since the speci- 
Mens were of shallow depth and were cast in water 
which barely covered them, they were not subjected 
to the pressure of superimposed water and concrete 
which, in actual construction, would tend to compact 
the concrete around the foundation pile heads. 
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Bonpb-TeEest SPECIMEN SHOWING EYEBARS AND SIDE CLAMPS 






















ATTACHED AND APPARATUS Set Up Reapby For FEST 
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Bonp SprecIMEN AFTER Test. PILE PULLED 
2 INCHES FROM ITS ORIGINAL POSITION IN 
THE CONCRETE CASING 
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A.—PILE SECTION I.—HYDRAULIC JACK (5-INCH RAM) 
B.—-CONCRETE BLOCK J.—SIDE PLATES OF PULLING YOKE 
C.—-STEEL CYLINDER K.—CALIBRATED BEAM 
O.—STEEL RING RESTING ON RUBBER L.— RIDER BAR 

PAD M.—KNIFE-EDGE 
E.—-EYEBARS N.—AMES DIAL 
F.—SIDE CLAMPS O.—PUMP FOR JACK 
G.—PIN P.—STEEL PINS FOR MEASURING 
H.—COVER PLATE SLIP 


Fic. 5.—Deraits or Bonp-TestTinc APPARATUS 
SPECIAL APPARATUS DEVISED FOR BOND TESTS 


In order to pull the piles from the surrounding 
concrete casings it was necessary to devise and build 
the special apparatus shown in Figure 5. This device 
consists of a hydraulic jack attached to the protruding 
end of the pile by suitable mechanical linkage and 
reacting against the concrete casing around the pile. 
When pressure is exerted by the jack the fibers of the 
pile are subjected to tension as would be the case in an 
actual structure. 

Referring to Figure 5, the pile, A, is shown encased 
in the concrete block, B. The two eyebars, E, are 
bolted to opposite sides of the squared, protruding 
end of the pile, which is restrained from splitting by a 
pair of side plates, F, bolted to the other two sides of the 
pile. Through the eyebars is a large steel pin, G, 
and over the outer ends of this pin are two side plates, J, 
which complete the link between the pile and the cali- 
brated crossbeam, K. This beam is supported at its 
center by the head of the hydraulic jack, I, which is in 
turn supported by a steel cylinder, C, surrounding but 
not in contact with the pile, and bearing against the 
concrete block, through an annular steel plate and 
rubber pad, D. 

Pressure was supplied to the jack by an oil pump, O, 
operated by hand. The magnitude of the tensile 


172 PUBLIC ROADS 





Vol. 9, No.9 





A SPECIMEN OF Series 6 READY FOR Test. NOTE THE 
EQUALIZER BETWEEN THE Two REINFORCING BARS 


load being applied to the pile was determined by the 
deflection of the calibrated cross beam, K, which was 
provided with knife-edges at the load-reaction points. 
The deflection was measured with a micrometer dial, 
N, mounted on the beam at the mid-point. The 
movable stem of this dial rested against a free beam, L, 
mounted along the axis of the calibrated beam but not 
in contact with it and supported by the plates, J. 
The stiffness of the calibrated beam was such that a 
reading of one division on the micrometer dial indicated 
an applied load of 317 pounds. 

Slip of the pile in the concrete block was determined 
by measuring the vertical movement of pins, P, with 
respect to the upper surface of the concrete block. 
These pins were driven into the pile through slots 
in the wall of the stee! cylinder, after the cylinder had 
been placed in position. 

In the anchorage tests the specimens were inverted 
over the head of a 200,000-pound universal testing 
machine as shown in Figure 6 and the reinforcement 
attached to the moving head of the machine, either 
directly where a single rod was being pulled or by a 
equalizing bar and a single connection where two 
rods were anchored in the same specimen. 


TEST SPECIMENS DESCRIBED IN DETAIL 


Figures 1 to 4 and the following outline give ful 
details regarding the various specimens and the age 
at which they were tested. 
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APPARATUS USED IN ANCHORAGE TESTS 
BCND TESTS 


Series 1.—Twelve turned and four unturned pile 
sections embedded in concrete without artificial bond. 
Six of the turned and two of the unturned, or half of 
each type of pile sections, 
were tested at the age of 7 
days and the other half at the 
age of 21 days. 

Series 2.—Six turned pile 
sections. An attempt was 
made to increase the bond 
by expanding the end of the 
pile on two diameters at 
nght angles to each other by 
driving oak wedges 2 inches 
thick and 12 inches long in- 
tosawed slots. The pile sec- 
tions were prevented from 
splitting completely by a 
steel collar placed at the end 
of the saw slots. This collar 
Was removed after the wedges had been driven and 
before the concrete casing was cast and another collar 
was placed just above where the surface of the concrete 
would come when placed. This latter collar was re- 
moved before test. All of these specimens were tested 
at the age of 21 days. 

Series 3,A.—Three turned pile sections into which two 
tailroad spikes were driven on opposite sides and 10 
Inches from the end of the pile. The spikes were 

niven 4 inches into the pile and 2 inches extended into 
the surrounding concrete. These specimens were tested 
at the age of 21 days. 

eres 3,B.—Two pile sections as in Series 3,A, 
*xeept that four spikes were driven into the pile at 





PILE SECTION OF SERIES 2 
BEFORE ENCASEMENT 
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PILE SEcTION OF Series 3,B (RiGuHt 
C (LErFt) 


AND OF SERIES 3, 





distances of 6% inches and 13 inches from the end. 
These specimens were tested at the age of 21 days. 

Series 3,C-—Two pile sections as in Series 3,A, ex- 
cept that six spikes were driven into the pile at points 
120° apart on the circumference and at distances of 5, 
10, and 15 inches from the end of the pile. These 
specimens were tested at the age of 21 days. 

Series 3,D.—Two pile sections as in Series 3,A, 
except that eight spikes were driven into the pile in 
opposing pairs at distances of 4, 8, 12, and 16 inches 
from the end of the piles. These specimens were tested 
at the age of 21 days. 

Series 7.—Six turned pile sections identical with 
Series 1 except that a thin metal plate was tacked to 
the end of the pile section so as to prevent any bonding 
of the concrete to the end of the pile. These specimens 
were tested at the age of 21 days. 

Series 8.—Six turned pile sections which were encased 
in concrete, while submerged, by the use of a small 
tremie. These specimens were tested at the age of 21 
days. 


ANCHORAGE TESTS 


Series 4,A.—Four specimens. In this group round 
steel bars 1% inches in diameter were scored or hacked 
with a cold chisel at 1-inch intervals along four sides or 
elements of the bar for a distance of 27 inches. These 
bars were then driven for 27 inches into 13-inch auger 
holes bored through the longitudinal axis of the pile. 
In two cases the bars were driven before the pile was 
encased in concrete. These two specimens were tested 
at the age of 7 days. The other two piles were first 
encased, the bars were driven 14 days later, and the 
specimens were tested at the age of 21 days. 

Series 4,B—Four specimens similar to those in 
Series 4,A except that smooth round bars were used. 
Two rods were driven 14 days and two 20 days after 
the piles were encased in concrete and all specimens 
were tested at the age of 21 days. 
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Series 5—Four specimens. Fourteen days after the TABLE 1.—Data pertaining to the pile-head bond tests 
pile sections were encased a ‘‘fox bolt’’ 14% inches in 
diameter, was driven into a 13-inch hole 27 inches deep 
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value tor this comparison. : pile. leaving 2 inches projecting. These spikes bent as the pile was pulled and ™ 
In Series 2 and 3 the attempt was made to increase their way through the pile. The spikes were loose in the concrete when the pile * 
the holding power by artificial means, and it is evident "™°"*¢- 
a” we a ; 4 No end bond because of plate placed between end of pile and concret« 
that the initial slip occurred at practically the same _ : Concrete crumbled before pulling. 








November, 1928 PUBLIC ROADS 175 


TABLE 2.—Data pertaining to the anchorage tests 








= g | 
a ~7 | 
S 2 § |& 
4 = S | as 
= Anchorage = E | Es Remarks 
8 = eg |  § 
2\3 | s > i> 
[ 2 eS | s e | & 
| 2 <{/ 3 | 2 |@ 
p Days Pounds Pounds| Inch 
3 14-inch notched 7 | 12,000 | 12,000 |_..... Bar driven before 
bar driven 27 | casting, pile split 
| inches in 1%-inch | | along side. 
hole. 
a0 Bi ‘re 7 | 15,370 | 15,370 vs | Bar driven before 
| casting. 
fC Roawae a ee 21 | 16,880 16,880 -- Bar driven 14 days 
after casting. 
a ee ee 21 | 19,200 | 19,200 _- Do. 
( 48 I-inch plain bar 21 | 26,120 | 26,120 -..__. Do. 
driven 27 inches 
in 1%-inch hole. 
4B ee do-_. : 21 19,000 19,000 .......| Bar driven 20 days 
| after casting. 
eC- 2 = 21 | 13,000 13,000 .._- Do. 
b SS 3 -cee c. 5 21 | 23,750 | 23, 750 |... Bar driven 14 days 
ing after casting. 
5 1-inch fox bolt 21 | 16,000 | 17, 500 A Do. 
driven 27 inches 
‘ in 1%-inch hole. 
° ae ee _.| 21 | 17,430 | 18, 160 1 Do. 
eee do..............| 21 | 17,160 | 17,490! % Do. 
jae See aa 21 | 17,240 | 19, 480 le Do. 
18 2 34-inch bars hook- 21 | 20,000 | 46, 050 % | Specimen opened 
ed under collar 444 and showed no 
inches wide, pile | slip of collar 
6 } spread with 2-inch 
) wedges. 
, les a.<. : 21 | 24,500 | 43,130; % 
aS Se : .| 21 | 34,100 | 47,790 4 
| js ....| 21 | 32,000 | 46, 800 1 
per 
™m ° ° 
134 unit loads as in those tests where no such attempt was 
it made. The average unit bond of comparable speci- 
te mens in Series 1 was 62.6 pounds per square inch as 
130 compared with 64.9 and 64 pounds per square inch for 
Series 2 and Series 3, respectively. It is interesting and 
perhaps significant that the variations of the unit bond 
values of individual specimens of Series 2 from the aver- ’ 
age value for the series is smaller than those of any WK gts = em asain 
; ; : : . SPECIMENS OF SERIES 2 (ABOVE) AND OF SERIES 3,A 
other series. In Series 3 there is no apparent increase (Betow) Arter Test. Concrete Casine ts Cur OPEN 
in holding power through the use of projecting spikes To Suow Resvtts 
m nor is there any apparent difference due to the different 
a number of spikes in the various specimens. Q 
During the tests of Series 1 the point was raised as E 
_ to whether or not the area of the end of the pile should te 
BSy be added to that of the embedded cylindrical surface 
all spec © 
ie: in calculating the unit bond resistance developed. 
cclucing 


This was important since in these tests the end area 
aad was 10 per cent or more of the side area. Series 7 
was added to the program to secure information on 
this point. In this series all possible end bond was 


is, avoided by the use of a thin metal plate as previously 
7 described. The average unit bond developed by this 
cluding series is 60.8 pounds per square inch as compared with 
er 62.6 for the comparable group of Series 1, both being 
vater computed on the basis of side area only. It appears, 


therefore, that the effective bond of a pile head is due 
to side area bond only. 

In Series 8 the concrete encasement was placed under 
Water with a small tremie in an attempt to secure a 
comparison of bond values for underwater construc- 


ulled. tion. It is doubtful, however, if the concrete in these 
_— specimens was of as good quality as normally would be 
"4 and obtained in actual construction since the pressure 








nepie* fi heads were very small. It is felt that, although the = wis Deets @ “eet 
comparison of Series 8 with Series 1 indicates that “ SPECIMEN OF ere iee e eeours. THe Lowen Ene cs 
much aia b d a } s d a ] d th h UT PEN TO SHOW ESULTS. HE LOWER END OF 

greater bond strengths were developed when the 


. , i Tuis Pitre Was PREPARED FOR A BonD TEST AND THE 
concrete was cast in air than when it was cast under Cut SHown Was Nort ror USE IN THE ANCHORAGE TEST 
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IN Series 4,A Berore DrivinaG: 


OnE or THESE Bars PULLED FROM A PILE witH Woop Fiser on Hacks; A Fox Bout or Serres 


5 Berore Drivine, AND Two or THESE BARS PULLED FROM A 


EXPANSION OF THE ENDS 


water, too great reliance should not be placed on the 
values obtained in Series 8. It is thought probable 
that they do not represent the maximum bond which 
can be obtained in foundation seal construction. 


ANCHORAGE METHODS PROVE EFFECTIVE 


A‘study of the data obtained in the anchorage tests 
indicates that appreciable anchorage of the steel bars 
in the wooden pile sections was obtained with every 
method fused in these tests. Considering first the 
smooth round bars of Series 4,B, it will be noted that 
where the bars were driven 14 days after the concrete 
was cast (or 7 days before testing) anchorage values 
of 23,750 and 26,120 pounds were obtained. Where 
the bars were driven 20 days after the concrete was 
cast (or 1 day before testing) anchorage values of 
13,000 and 19,000 pounds were obtained. As the 
embedded area of the bar was about 127 square inches 
the unit values corresponding to the above totals are 
187 and 205 pounds per square inch, respectively, 
for the first case and 102 and 150 pounds per square 
inch, respectively, for the second. 

For the bars which had been hacked with a cold 
chisel (Series 4,A) the total anchorage values were 
12,000 and 15,370 pounds for the two tests at the age 
of 7 days and 16,880 and 19,200 pounds for the tests at 
the age of 21 days. 


Pitre HEAD SHOWING COMPLETE 


In Series 5 where fox bolts were used the anchorages 
for the four specimens were very uniform, the average 
value being 16,960 pounds and the minimum value 
being 16,000 pounds. 

The loads given as anchorage values are the max- 
mum loads which were on the bars at the instant that 
the first slip was noted and obviously are not safe 
anchorage values. 

Series 6 differs considerably from the other anchor- 
age tests since the steel bars were hooked under a stee! 
collar around the expanded pile section and when the 
casing was cast this collar was itself embedded in con- 
crete. When a load was applied to the two projecting 
rods as illustrated on page 172, the stress in the bars 
was transferred directly to the concrete. Since the 
pile head reacted against the top of the testing machine 
this stress in the concrete was transferred to the pile 
section through its surface bond. The magnitude o 
the anchorage available depended directly on the boné 
between the concrete and the pile. Therefore, in vie¥ 
of the results of the bond tests of Series 2, it is doubtful 
if any useful purpose was served by the expanded pile 
head. The four specimens of this series showed 4 
average anchorage of 27,650 pounds and a minimum 
value of 20,000 pounds. In the case of the weakest 
specimen a tension of more than 22,000 pounds pé 

(Continued on p. 183) 
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STRENGTH CHARACTERISTICS OF CONCRETE 


RESULTS OF STUDY OF MODULUS OF ELASTICITY, EFFECT OF MOISTURE ON STRENGTH, AND BEHAVIOR 





By A. N. JOHNSON, Dean of Engineering College, University of Maryland 


RTICLES in the two preceding issues of Public 
A Roads have discussed various phases of the gen- 
eral investigation of the strength characteristics 
of concrete conducted by the engineering experiment 
station of the University of Maryland with the coopera- 
tion of the United States Bureau of Public Roads and 
the Maryland State Roads Commission. The last 
article gave the results of a number of determinations 
of the modulus of elasticity of cores drilled from con- 
crete roads. 

This phase of the investigation was continued by 
making similar determinations with the same apparatus 
on concrete and mortar cylinders cast in the laboratory. 
These cylinders were 9 inches high and 4% inches in 
diameter. The molds used for making the cylinders 
were cut to the proper length from seamless steel tub- 
ing. <A slit was then made in the cylinders along an 
element and lugs were bolted to the cylinders so that 
the edges made by the slit could be held together 
with bolts. The cylinders were placed in a vise and 
the edges of the longitudinal crack forced together 
before the bolts on the lugs were tightened in order to 
avoid stripping the bolt threads. In casting a speci- 
men the cylinders were oiled on the inside, placed on 
an Oiled slab of slate having a smooth surface, and filled. 
They were then covered with a piece of oiled plate glass. 
Before testing, a thin plaster of Paris coating was usu- 
ally placed on each end of the test cylinder and covered 
with a piece of plate glass to insure a flat end surface. 

The cylinders were left in the molds for 24 hours. 
They were then removed by loosening the bolts, when 
the steel shell would spring open, releasing the concrete 
specimen. ‘The specimens for test #t ages of 30 days 
or less were stored in damp sand until the time of test. 
Those for test at later ages were stored in damp sand 
for about one month and then stored on shelves in the 
laboratory. The methods of test and gauge length 
were identical with those described in the preceding 
article. 

MODULUS OF ELASTICITY DETERMINED FOR CONCRETE 
MORTAR SPECIMENS 

Tables 1 and 2 give the results obtained. The mor- 
tar specimens were of 1 part cement to 2 parts sand and 
the average crushing strength for all ages from 7 days 
to 2 years was 3,563 pounds per square inch and the 
average modulus of elasticity was 3,381,000 pounds 
per square inch. 

he concrete specimens were a 1:2:3 mix, the coarse 
aggrecate being crushed limestone with a maximum 
Size of about three-fourths inch. The average crush- 


AND 


ing strength at ages from 7 days to 2 years was 2,235 
Pounds per square inch and the average for the modulus 
of elasticity was 3,407,000 pounds per square inch. 
ypical load-deformation curves for mortar speci- 
mens and for concrete specimens are shown in Figures 1 
They all show a straight-line relationship for 


and 2. 


UNDER REPEATED LOADING 





PaBLeE 1.—Crushing strength and modulus of elasticity of morta 
cylinders 
1:2 MORTAR, 30 DAYS OR LESS IN AGE 

Crush- Modulus Crush- Modulus 
Specimen No. Age ing of elas- Specimen No. Age ing of elas- 

strength ticity strength ticity 

Lbs. per Lbs. per Lbs.per| Lbs. per 

Days sq.in sq. in. Days sq. in. sq. in. 
321... . 7 2, 180 2, 730, 000 B35... saad 21 3, 280 3, 320, 000 
Fee 7 2, 420 2, 760, 000 336... ‘ 21 2, 500 3, 240, 000 
ee 8 2, 370 2, 760,000 || 337_. 21 2, 600 3, 140, 000 
a00.... 8 2,610 2, 860, 000 360... E 30 2, 760 3, 320, 000 
325... : 10 3, 000 3, 280, 000 362__. cs 30 2, 830 3, 400, 000 
326. 10 3, 230 3, 280, 000 a 
14 3,175 3, 520, 000 A verage 2,842 | 3, 165, 000 
328. 14 4 ‘40 §, 520, 000 
333... 2] 3, 300 3, 180, 000 
1:2 MORTAR, OVER 30 DAYS IN AGE 
Years Years 

IRS__- 4 5, 200 300, G90 |i BB............| 3, 900 3, 700, 000 
184. 4 4,000 | 3,100,000 || 53..........-- 1% 3,300 2, 700, 000 
185 14 | 4300: 3,260,000 | 55........... 14% 3,000, 2,620, 000 
4 Lé 2, 400 3, 370, 000 7. ee 4, 650 4, 240, 000 
7 4 3, 200 4, 200,000 || 72....... 2 3,460 | 3,720, 000 
63 ly 3, 700 3,660,000 || 73........-- 2 3,760 | 3,800, 000 
65. lé 3,300 | 3,640,000 | 74_. 2 3, 540 3, 280, 000 
67 le 3, 100 3, 400, 000 |, 75............ 2 3, 460 3, 400, 000 
69 4 3, 500 SOE Bicwcctisauwans 2 4,150 3, 640, 000 
130 ly 4, 400 3, 940, 000 ES 4, 200 3, 440, 000 
131 4 3,400 | 3,480,000 || 79............| 2 4,050 | 3, 260, 000 
132 ly 4, 900 e ' 6 aa 3, 100 3, 320, 000 
29. 1 4, 400 3, 300,000 || S81............|/ 2 4,740 | 3,480,000 
30 l 3,900 | 3,160,000 || 82._...______. 2 3,620 | 3,640,000 
31 l 3, 600 5,070,000 | 83. 2 4,700 3,240,000 
$3... l 4, 300 3, 600,000 8&4 2 5,300 | 3, 580,000 
33 l 3, 100 3, 520,000 | &5 2 5, 500 3, 780, 000 
34_ ] 2, 800 3,380,000 95 a 4, 420 3, 740, 000 
37 l 3, 000 3, 060, 000 96. ee 2 3, 140 3, 040, 000 
38. l 2, 400 2, 960, 000 97 2 3, 580 3, 520, 000 
39 l 3, 100 2, 780, 000 98 2 2, 450 3, 300, 000 
40 l 3, 000 3,300,000  99_. 2 5, 570 3, 760, 000 
41 l 3,400 3,200,000 | 100. 2 2, 775 2, 720, C00 
42 l 3, 800 3,700,000  88___- 3 5,300 | 3,700,000 
43 l 2, 800 2, 440, 000 ae Reeeeene aes OE St 
44 l 3, 300 3, 300, 000 Average..-- 3,754 | 3,438, 000 
56 l 3, 400 3, 040, 000 Grand av. 3, 563 3, 381, 000 
61. l 4,200 3,320,000 
68. l 3, 400 3, 440, 000 


the first part of the curve but gradually depart from 
a straight line with the higher loads. These curves 
were used in determining approximately the limit of 
proportionality or elastic limit. Curves are shown 
for each class of specimen; one for the higher values, 
one for the medium values, and one for the lower values 
of modulus of elasticity. 

The behavior of the laboratory specimens was, in 
general, similar to that of cores drilled from concrete 
roads (described in preceding article) and substantiates 
the general conclusion as to the elastic behavior of 
concrete under pressure. Practically all of the curves 
for both road cores and laboratory-made specimens 
show the characteristic load-deformation curve as 
substantially a straight line for the lower portion, 
then a smooth curve tangent to the initial straight-line 
portion of the curve. 

A few specimens of neat cement and of 1:1 mortar 
were made, and the results of tests are given in Table 2. 
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TABLE 2.—Crushing strength and modulus of elasticity of concrete 
cylinders 


1:2:3 CONCRETE, 30 DAYS OR LESS IN AGE 


'Crush-| Modulus Crush- | Modulus 
Specimen No. Age ing of elas- Specimen No. Age ing | of elas- 
strength ticity strength| ticity 


Lbs. per| Lbs. per Lbs. per| Lbs. per 














Days | sq. in. aq. in. Days sq.in. | 8g. in. 
————EEEE 7; 1,400 3,720,000 || 421.._-- 21 1,900 | 4,400, 000 
ESR 7 1, 445 3, 680,000 || 422.....___. 21 1, 830 4, 000, 000 
8 1, 435 3, 400,000 | 432......._- 29 1,705 | 3,680,000 
ee 8 | 1,470) 3,740,000 || 433...........| 29, 1,900| 3,900,000 
aa 14 1, 680 3, 800,000 || 434....____- 29 1,600 | 3,560,000 
Se 14 1, 805 3, 640, 000 || 381.......... 30 1,825 | 4, 180,000 
= 14 1, 445 3,920,000 | 383... 30 1, 965 4, 280, 000 
aE 14 1,420 3,560,000 || | ——_——|—_____ 
a 14 1, 600 3,920,000 | Average. ont 3, 840, 000 
a 21 1,600 | 3,900,000 
1:2:3 CONCRETE, OVER 30 DAYS IN AGE 
Years Years 
a } 4%) 3,000 3,740,000 115-_- 2 1,780 2,410,000 
tdi Saing Y%| 2,900 3,800,000 116_.__. 2 1,550 2,420,000 
SSecaene! Y%| 2,400 3,660,000 117_--- 2 1,640 2,960,000 
Sara 2,500 3,060,000  118_- 2 1,310 3,480,000 
= 1 2,500 3,300,000 119_- ‘ 2 3,900 3,480, 000 
ae 2 1,750 | 2,400,000 | 120...__-- 2 3,280 2,740,000 
Re: 2 3,700 4,140,000 | 121_-. 2 4,400 3,880,000 
ae 2 2,500 | 2,940,000 122_-- 2 3,100 2,810,000 
ee 2 2,300 | 3,100,000 | 123...._.._-. 2 3,000 2,520,000 
ee 2 3,100 | 3,160,000 124.___. beeaal 2 3,100 3,120,000 
PARTE 2 2,170 | 2,360,000 | 164........- : 2 3,000 3,180, 000 
+= 2 2,500 | 3,200,000 -——— ——--— 
eee 2 | 2,270) 3,580,000 Average _. 2,618 | 3,124,000 
eae 2 2,640 | 2,940,000 Grand av_..|...... 2,235 | 3,407,000 
ERPS. 2 | 1,780 2,840,000 
1:2:4 CONCRETE 
‘ ™ Crushing! Modulus 
Specimen No. Age strength of elasticity 
Lbs. per Lbs. per 
Year sq. in. sq. in. 
ES eer ponpeckndaiked aeatad 2 2, 600 3, 760, 000 
ES SIC eee ‘i Licumaieade — 1/2 2, 3, 640, 000 
Ro eect neues a ensnembuydeiedl 1/2 2, 300 3, 540, 000 
ibs 5i626dandveneencahdonwel ‘ et Se ot 2, 600 3, 646, 000 
NEAT CEMENT MORTAR 
TE as ae 2/3 5, 220 2, 110, 000 
=e 2/3 3, 500 1, 280, 000 
176_. 2/3 3, 650 1, 430, 000 
ee — : 4, 123 1, 606, 000 


1:1 MORTAR 


Specimen | A | Crushing | Modulus of Specimen 4 ° Crushing | Modulus of 
No. strength | elasticity No. i strength | elasticity 
Lbs. per | Lbs. per Lbs. per | Lbs. per 
Year sq.in. | sq. in. Year sq. in. sq. in, 
| 1 2,600 | 3,000,000) 51_____.___. 1 4, 300 3, 000, 000 
C— Fa 1 2,600 | 3,400,000  52_________- 1 4, 000 2, 800, 000 
| Se RE 1 3,500 | 3, 720,000 AE! TEINS Oats: 
Mibeediness 1 3, 700 5, 350, 000 Average. 3, 450 3, 545, 000 


MODULUS OF ELASTICITY AFFECTED BY AGE OF CONCRETE 


Referrring to Table 1, it is seen that the mortar 
specimens of 30 days and less in age had an average 
strength of 2,842 pounds, while the specimens of 1 or 
2 years age (including a few 60-day specimens) showed 
an average strength of 3,754 pounds per square inch. 
The modulus of elasticity for the 30-day specimens 
was 3,165,000 pounds per square inch and for the older 
specimens 3,438,000 pounds per square inch, a marked 
increase in strength and some increase in the value of 
the modulus of elasticity. 
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DEFORMATION —- HUNDRED THOUSANDTHS OF AN INCH 


Fic. 1.—Typicat Loap-DEFORMATION CuRVES FOR Mortar 
SPECIMENS. DEFORMATIONS SHOWN ARE PER INCH OF 
LENGTH 


The concrete specimens 30 days and less in age 
averaged 1,649 pounds per square inch crushing strength 
and those 1 and 2 years old 2,618 pounds per square 
inch. The modulus of clasticity of the concrete 30 
days or less in age was 3,840,000 pounds per square 
inch, while the modulus for the older specimens Was 
3,124,000 pounds per square inch, a marked decrease 
in the value for the modulus of elasticity. 

The results for the concrete run parallel with the 
trend of the values for the modulus of elasticity found 
for the road cores; that is, there was apparently 4 
dropping off in the value of the modulus of elasticily 
with the age of the concrete, although not as marked 
as for the cylinders made in the laboratory. 
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DEFORMATION - HUNDRED THOUSANDTHS OF AN INCH 
Fic. 2.—Typicat Loap-DEFORMATION CURVES FOR Con- 
CRETE SPECIMENS. DEFORMATIONS SHOWN ARE PER 
INcu oF LENGTH 


TESTS MADE OF DRY AND MOIST CONCRETE 


A number of cylinders were cast for the purpose of 
making comparative tests on wet and dry concrete. 
These cylinders were cast in groups of 10. Three such 
groups were made of 1:2 mortar and two groups were 


made of 1: 2 : 3 concrete using a limestone coarse aggre- 
gate. These cylinders were cured in the same manner 
as Other cylinders for about 24 months. At that time 
five cylinders from each group were immersed in water 
and a like number were allowed to remain in the air. 
The cylinders placed in water were removed after one 
month and together with the cylinders left in air were 
tested for crushing strength and modulus of elasticity. 
The results are shown in Table 3, which is arranged to 
show the grouping of the specimens—thus, 71, 73, 75, 
72, and 74 were all made at the same time. 

A further comparison of strength of concrete when 
Wet compared with dry condition was made upon a 
number of concrete beams. These beamswere originally 
30 inches long, 4 inches wide, and 3 inches deep, and 

ad been tested by cross breaking at the center. Thus, 
each beam furnished two short beams, one of which 
Was submerged in water before testing. The breaking 
oad for a 12-inch span of the beam was obtained. 

he wet beams were immersed in water for about 
one week. The average load sustained by the dry 
sections of the beams for 60 samples was 1,717 pounds, 
While for the wet sections the average was 1,273 
Pounds. These beams were approximately 3 years 


old, although some of the specimens were but 2 years 
old and a few 1 year old. 


TaBLE 3.—E ffect of moisture on strength and/modulus of elasticity 


of concrete 


1:2 MORTAR 


Dry specimen Wet specimen 


Specimen No Specimen No. 
Crushing |Modulus of 


Crushing Modulus of 
strength elasticity 


strength elasticity 


Lbs. per Lbs. per 

sq. tn 8g. in 
4, 650 4, 240, 000 
3, 760 
3, 460 


Lbs. per 
sq. in. 
3, 460 
3, 800, 000 74 3, 540 
3, 400, 000 


Lbs. per 
sq. in. 

3, 720, 000 
3, 280, 000 


4, 150 
4, 050 
4,740 


3, 640, 000 
3, 260, 000 
3, 480, 000 


, 200 
3, 100 
3, 620 


, 420 
3, 580 
5, 570 


3, 740, 000 
3, 520, 000 
3, 760, 000 


3, 140 
2, 450 
2, 775 
Average , 264 3, 649, 000 Average-. 


3 CONCRETE 


, 500 
3, 100 
, 500 


, 940, 000 
3, 160, 000 
3, 200, 000 


108 
110... 
112. 


pry 
iy i 
BS 
g3 


8 


, 640 
, 730 
, 640 


, 940, 000 
2, 410, 000 
2, 960, 000 


a = 
116 


118 


eee 
| glgse 938 


Average 2, 360 2, 935, 000 


wn] wepp 


2 


| 


The strength of the wet specimens expressed as a 
percentage of the strength of the dry specimens was 
for the mortar cylinders 73 per cent, for the concrete 
specimens 80 per cent, and for the concrete beams 
under cross-breaking load 74 per cent. The modulus 
of elasticity was not particularly affected, being prac- 
tically the same whether the concrete was wet or dry. 


CONCRETE TESTED UNDER REPEATED LOADINGS 


A number of tests were made to study the elastic 
behavior of concrete that had been considerably over- 
loaded, then unloaded, and subsequently reloaded. 
These tests were made on concrete specimens mixed 
in the proportions 1:2:3 and also a number of mortar 
specimens mixed in the proportions of 1:2. The age 
of the specimens was about 2 years at the beginning 
of the test, which covered a period of about 1 year. 

The procedure followed was to place a cylinder in 
the testing machine with the mirror extensometers 
attached and take readings corresponding to load 
increments of 50 to 100 pounds per square inch, the 
loading being carried from zero to a point well beyond 
the limit of proportionality or elastic limit. The load 
was then released, the reading of the extensometers at 
the zero loading noted and readings continued at short 
intervals for about 15 minutes, or until there was sub- 
stantially no further recovery recorded. Then the 
specimen was submitted to a second loading under the 
same methods of procedure. The loading was applied 
four times to most of the specimens which were then 
laid aside and about a year later they were again sub- 
mitted to a similar test, the loading being carried to 
the point of failure on the first run. 

These experiments were made upon 5 cylinders of 

7 cylinders of 1:2:3 concrete, 3 neat- 


1:2 mortar, 7 
cement cylinders, and 3 road cores. Figures 3 and 4 
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Fic. 3.—Loap-DEFoRMATION CuRVES OF A 1:2:3 Con- 
. CRETE CYLINDER UNpER REPEATED LOADING 














Fic. 4.—Loap-DEFORMATION CuRVES OF A 1:2 Mortar 
CYLINDER UNDER REPEATED LOADING 











Sec 
Th 
Fo 


or 
ar 
Be 
tw 
of 


0) 
al 

















November, 1928 PUBLIC 


show the results in detail for one typical mortar and 
one concrete specimen and present some interesting 


phenomena. Figure 3 shows graphically the results of 

tests on specimen No. 121 as described above. The 
. . al 

deformations recorded are shown in Table 4. The 


load-deformation curve for the first load applications 
shows the ordinary characteristics that have been found 
for practically all the concrete and mortar specimens. 
It is noted first that the initial portion of each of the 
curves of Figure 3 is substantially a straight line. 
The slope of the straight-line portion of these curves 
measures the modulus of elasticity, which for the first 
run was 3,870,000 pounds per square inch; for the 
second run, 3,340,000 pounds per square inch; for the 
third run, 3,240,000 pounds per square inch; and for 
the fourth run 3,140,000 pounds per square inch, while 
for the fifth run, made a year later, the value is 3,440,- 
000 pounds per square inch. 


TaBLe 4.—Deformations of specimen No. 121 under four repeated 
loadings on same day 


{All deformations are recorded from zero reading at beginning of test] 


Deforma- 
tion after 
removal of 


Deforma- 
tion under 


load of load and 

2,400 allowing 
pounds several 

per square minutes 
inch for re- 
covery 


Inches per | Inches per 


inch inch 
First run. 0. 000698 0. 000043 
Second run -- . 000715 . 000049 
Third run. . 000726 . 000049 
Fourth run . 000733 . 000056 


The elastic limit as disclosed by these diagrams (fig. 3) 
is about 600 pounds per square inch for the first curve, 
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1,100 pounds per square inch for the second and third, 
and for the fourth 800 pounds per squareinch. For the 
fifth run the straight-line relationship extends well 
toward 3,000 pounds per square inch, the specimen 
breaking at 4,400 pounds per square inch. It is to be 
noted that for the second, third, and fourth application 
of the load to specimen 121 that the load-deformation 
curves are convex to the horizontal axis. 

Figure 4 shows the curves for a similar succession of 
load applications to a mortar cylinder which is typical 
of results secured with other specimens. The slope of 
the curve representing the first application of load 
gives a value for E of 3,550,000 pounds per square inch. 
For the second application the value is 3,190,000 
pounds per square inch; for the third application of load, 
4,120,000 pounds per square inch. For the fourth it is 
3,240,000 pounds per square inch; and for the fifth run 
it is 3,100,000 pounds per square inch. 

On the first run the elastic limit is about 600 pounds 
per square inch. On the second application of load 
this limit is raised to about 2,000 pounds per square 
inch. The loading was not carried far enough on the 
third run to give an indication, but on the fourth run it 
was in the neighborhood of 1,500 pounds per square 
inch, while for the final run, after the specimen had 
rested for a year, the elastic limit appears to be about 
1,000 pounds per square inch. 

In general, the effect of overloading concrete tem- 
porarily, and then having the load released, is to reduce 
somewhat the value of the modulus of elasticity. The 
specimens suffer a deformation which is not wholly 
recovered and the apparent elastic limit is raised. 

From the few data at hand no quantitative con- 
clusions are warranted, but they do show that concrete 
behaves in a manner similar to other materials, par- 
ticularly steel, which exhibit both elastic and plastic 
properties. 





In connection with the study of loading tests made 
on the spandrel-arch concrete bridge over the Yadkin 
River between Albemarle and Mount Gilead, N. C., 
an analysis of a celluloid model of this bridge using 
Beggs deformeter gauges has been made as a coopera- 
tive project by the Bureau of Public Roads and Johns 
Hopkins University. 

In designing an open-spandrel rib arch of the type 
of the Yadkin River bridge it is usually assumed that 
the action of the rib is unaffected by the superstructure. 
Obviously, this is not the case, but a mathematical 
analysis of the complete arch, including the super- 





MODEL ANALYSIS OF YADKIN RIVER BRIDGE COMPLETED 





structure, is so complex as to be impracticable for 
purposes of design. A comparison of results from the 
model analysis and the measured results obtained by 
loading the bridge itself will indicate to what extent 
the action of a model made of a uniform elastic material 
such as celluloid may be taken as representing the 
action of a reinforced concrete structure which is a 
nonuniformly elastic’ material. 

It is anticipated that the report on the Yadkin River 
bridge tests and also the report on the model studies 
which will be made separately will be made available 
in this magazine at an early date. 
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A MECHANICAL TRAFFIC COUNTER DEVELOPED IN DENMARK 


A mechanical traffic counter has been constructed 
on the experimetal road at Roskildevej] near Copen- 
hagen, Denmark, which may be of interest to Amer- 
ican engineers. This apparatus is illustrated in Figure 
1. A rectangular channel with concrete bottom and 
sides is constructed across the roadway. This channel 
is covered by two substantially buit wooden gates 
or flaps which are approximately level with and a part 
of the road surface. One side of each flap rests upon the 
side wall of the concrete channel while the other sides 
meet at the center and bear upon a steel channel which 
is supported by three spring-supported plungers. 
Details of this apparatus are shown in Figure 1. 

The movement of the flaps under a load is about 2 
centimeters (0.8 inch) before they are brought to rest. 
The spring restores the flap to its initial position after 


1 PNEUMATIC RUBBER TYRES 





SOLID RUBBER TYRES 


the load is removed. This movement closes an elec- 
trical contact, allowing current to flow which actuates 
a counter. Details as to the type of counter used are 
not given. 

In the particular installation described difficulty was 
encountered from horse-drawn traffic since a record 
was made by the horse and both axles of the vehicle. 
This was overcome by installing a mercury switch and 
timer which disconnected the current to the counter 
for five seconds after each contact. 

The counters are read once each day and have proven 
very satisfactory in service. They indicate only the 
total number of vehicles which pass, and it is therefore 
necessary to make occasional counts, indicating the 
various classes of vehicles, for use in interpreting this 
data. 
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(Continued from p. 176) 

square inch was applied to the bars without slip, and 
failure finally occurred in each case by one of the two 
bars elongating and breaking in tension at the point 
where it was bent under the steel collar. The con- 
crete casings were broken open after the tests and 
showed neither movement of the collar on the pile 
section nor of the pile section in the concrete casing. 


CONCLUSIONS PRESENTED 


From the analysis of the data obtained in these tests 
the following general conclusions seem to be justified: 


BOND TESTS 


Definite and appreciable bond can be developed 
between timber pile heads and the concrete in which 
they are encased. 

The bond between the pile head and the surrounding 
concrete appears to increase between the ages of 7 and 
21 days. 

Better strength concrete and much greater bond were 
obtained where the casting of the concrete casings took 
place in air than where it was done under water. Par- 
ticular attention is called to the fact that the concrete 
placed under water in these tests was probably not re- 
presentative of the best obtainable in actual foundation 
seal construction, as pointed out in the foregoing dis- 
cussion. 

The total bond developed between the pile head and 
the surrounding concrete is a function of the area of the 
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embedded cylindrical surface of the pile. The bond at 
the end of the pile appears to be negligible. 

Pile sections that had been peeled and roughly 
trimmed developed, in general, as high bond strength as 
did those where the attempt was made to increase the 
holding power artificially by any of the methods in- 
cluded in these experiments. 


ANCHORAGE TESTS 


Appreciable anchorage of steel bars in the ends of 
wood pile heads may be obtained by any of the methods 
used in these tests. 

Plain round reinforcing bars driven into undersize 
holes appear to develop as great an anchorage as either 
the hacked bars or the fox bolts, although the anchorage 
obtained with the fox bolts seems to be somewhat more 
consistent than that obtained with either of the other 
two methods. 

The methods of anchoring steel bars to wood pile 
heads encased in concrete by means of a steel collar to 
which the bars are attached may be depended upon to 
furnish greater anchorage than any of the methods 
mentioned above. However, attention is called to the 
fact that in this case the transfer of stress from the bars 
to the pile is through the surface bond between the con- 
crete and the pile section. It is doubtful if either the 
expanded pile head or the fact that the steel collar 1s 


directly in contact with the pile appreciably affect the 
anchorage. 





A recent visitor! to the Bureau of Public Roads, 
stated that in India there have been frequent failures 
of road metal when it was thoroughly saturated with 
water. No such occurrences have been reported in 
the United States, but it was considered of interest to 
make a few laboratory tests to investigate this condi- 
tion. The failures were reported to have occurred 
under horse-drawn and animal traffic, so it was believed 
that the toughness of the rock was affected by absorp- 
tion of water. 

A number of toughness specimens were prepared 
from six different kinds of rock. These materials 
were loose-textured granular sandstone, soft crystal- 
line limestone, soft amorphous limestone, hard siliceous 
mestone, trap (diabase), and granite. 

One-half of the specimens of each group were im- 
mersed in water for five days to permit them to become 
thoroughly saturated, and were tested immediately 
upon removal from the water. All of the immersed 
specimens were found to be thoroughly saturated. 

The samples were tested in the Page impact machine 
for toughness of rock using the standard 2-kilogram 
hammer? The results of the tests are shown in ac- 
companying Table 1. 


1B A. Acharya, Engineer P. W. D., Bombay, India. 

- A full description of this test may be found in JacKsoN, FRANK H.3R., METHODS 
r THE DETERMINATION OF THE PHYSICAL PROPERTIES OF ROAD-BUILDING ROCK. 
-8. Dept. Agri. Bull. No. 347, 28 p., illus., 1916. 


EFFECT OF MOISTURE ON TOUGHNESS OF ROCK 








TABLE 1.—Toughness of various kinds of rock when tested in a 
dry and saturated condition 
TESTED IN DRY CONDITION 
a, Nir Sand- _ Lime- | Lime- | Lime- ™ aed 
Sample Ni stone stone stone | stone | Diabase Granite 
ne 5 cnueeacuaielaidadrminite aia ma inane 5 5 4 12 13 8 
2 5 4 4 11 12 7 
Thi cdicdiehimeawngbukinacnnaitas 4 4 4 12 13 7 
a eet daar atl ace inal 5 5 4 13 a 
o.. oni eicsieiae 5 4 4 12 3 are 
Average ) 4 4 12 13 7 
TESTED IN WET CONDITION 
i. 5 5 4 12 
| a eee sees 4 5 4 ll 
- CE ee eee 4 5 4 13 
Sa 5 5 4 13 
ea Se 4 4 4 13 
Poa ernest Wakeenees 4 5 4 12 





It will be noted that the toughness of the dry rock is 
the same as that when the rock is thoroughly saturated 
with water. This applies to all the materials tested 
which range from very soft to hard rock. It is there- 
fore considered improbable that a road failure would 
occur in the road metal itself of the types tested due 
solely to absorption of water. 
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COMPREHENSIVE CONCRETE PAVEMENT CURING TESTS NOW IN PROGRESS _ IN 


TENNESSEE 


The most comprehensive series of concrete pavement 
curing tests yet undertaken was initiated during the 
past summer on Tennessee Federal-aid project 18—A 
between Memphis and Somerville. The Bureau of 
Public Roads is cooperating with the Tennessee Depart- 
ment of Highways and Public Works in this investiga- 
tion which has been planned to include practically every 
curing method which has received serious consideration. 

The general scheme of the test is to cure one side of 
the pavement continuously with the State standard 
method, consisting of application of wet burlap for 24 
hours followed by a 2-inch earth covering kept wet for 
10 days. For comparison with this standard curing, 
the other side of the pavement will consist of a series 
of sections, each consisting of a day’s run or approxi- 
mately 1,000 feet, and each cured in a different manner. 

The sections will be as described and in the order tabu- 
lated below. It should be possible to repeat the entire 
series at least four times on the 17-mile project making 
4,000 linear feet of pavement cured by each method. 

The design of the pavement was modified from the 
State standard 8-6-8 cross section to 8-7-8 so as to 
eliminate all tie bars across the center joint which would 
restrict the expansion or contraction of one side of the 
slab with respect to the other and so effect the results 
of the test. The pavement consists of plain concrete, 
18 feet wide, with a metal center strip from which the 
34-inch pins to the subgrade are removed as soon as 


possible after the pavement is laid. The earth shoulder 


on each side of the pavement is 4 feet wide. 
The following are the curing methods used: 
1. Wet burlap for 24 hours—no further curing. 
2. Wet burlap for 48 hours—no further curing. 
3. Wet burlap for 72 hours—no further curing. 
4. Wet burlap for 96 hours—no further curing. 
5. No curing whatever. 
6. Sisalcraft for 24 hours—no further curing. 


7. Wet burlap for 24 hours followed by surface 


application of sodium silicate. 


8. Asphaltic emulsion applied immediately after 


finishing. 


9. Wet burlap for 24 hours followed by surface ap- 


plication of calcium chloride. 


10. Calcium chloride admixture and wet burlap for 


24 hours. 


11. Coal tar applied cold immediately after finishing. 





12. Hunt process applied immediately after finishing. 

13. Tar paper on subgrade. Hunt process applied 
immediately after finishing. 

14. Tar paper on subgrade. Coal tar applied cold 
immediately after finishing. 

15. Tar paper on subgrade. Calcium chloride ad- 
mixture and wet burlap for 24 hours. 

16. Tar paper on subgrade. Wet burlap for 24 
hours followed by surface application of calcium 
chloride. 

17. Tar paper on subgrade. Asphaltic emulsion 
applied immediately after finishing. 

18. Tar paper on subgrade. Wet burlap for 24 
hours followed by surface application of sodium silicate. 

19. Wet burlap for 24 hours followed by dry earth 
curing. 

20. Wet burlap for 24 hours followed by ponding. 

For each experimental section it is planned to cast 
24 concrete beams 6 by 6 by 46 inches .n size—12 on 
the wet earth curing side and 12 on the experimental 
side. These specimens will be cast in three groups of 
four specimens on each side at approximately equal 
intervals throughout a section. The molds will be 
removed at the end of 24 hours and the sides of the 
specimens protected from drying out by means of tar 
paper, against which earth will be banked. The sub- 
sequent curing will be as nearly as possible like that 
of the adjacent pavement section. In addition there 
will be cast for each experimental section one set of 
four beams which will receive no curing whatever. 
Beams will be tested at the age of 3, 7, 14, and 28 days. 
The length of the beams is sufficient to permit a test 
on each beam at each of these four periods. This will 
give 28 tests for modulus of rupture of concrete for 
each age and for each test section—12 on the standard 
curing side, 12 on the experimental curing side, and 4 
on the beams which are not cured. 

Detailed observations as to temperature, humidity, 
wind velocity, rainfall, condition of concrete and sub- 
grade, and other details will be made throughout the 
progress of the work. 

Concrete cores will also be drilled from each section 
at points corresponding to the locations represented by 

the concrete beams. These cores will be used for the 
determination of strength of concrete at periods subse- 
quent to 28 days. 
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Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publicctions 
are necessarily limited, and when the Department's free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 
Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 


DEPARTMENT BULLETINS 


No. 105D. Progress Report of Experiments in Dust Prevention 

and Road Preservation, 1913. 

*136D. Highway Bonds. 20c. 

220D. Road Models. 

257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 

*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

*370D. The Results of Physical Tests of Road-Building 
Rock. 15c. 

386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 

387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 

388D. Public Road Mileage and Revenues in the New 
England States, 1914. 

390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 

407D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 

463D. Earth, Sand-clay, and Gravel Roads. 


*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10ce. 
*537D. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 
5e. 
Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 
*660D. Highway Cost Keeping. 10c. 
*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 5c. 
*691D. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 
*724D. Drainage Methods and Foundations for County 
Roads. 20c. 
*1077D. Portland Cement Concrete Roads. 15c. 
1259D. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 
1279D. Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 


*583D. 


* Department supply exhausted. 


DEPARTMENT BULLETINS—Continued 
No. 1486D. Highway Bridge Location. 
DEPARTMENT CIRCULARS 
No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 
TECHNICAL BULLETIN 


No. 55. Highway Bridge Surveys. 


MISCELLANEOUS CIRCULARS 


No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal Aid 
Highway Projects. 
93M. Direct Production Costs of Broken Stone. 
*105M. Federal Legislation Providing for Federal Aid in 


Highway Construction and the Construction of 
National Forest Roads and Trails. 5c. 


FARMERS’ BULLETIN 


No. *338F. Macadam Roads. 5c. 


SEPARATE REPRINTS FROM THE YEARBOOK 


Z 


». 914Y. Highways and Highway Transportation. 
937Y. Miscellaneous Agricultural Statistics. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Connecticut. 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Relation Between Properties of Hard- 
ness and Toughness of Road-Build- 
ing Rock. 

A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 

crete Slab Subjected to Eccentric 
Concentrated Loads. 


Vol. 5, No. 19, D- 3. 


Vol. 5, No. 24, D- 6. 
Vol. 6, No. 6, D- 8. 
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